All the single-spore cultures originating from zoospores and oospores of wild-types of Phytophthora parasitica were sensitive to chloramphenicol and streptomycin. Cultures from zoospores and oospores of chloramphenicol-resistant mutants were resistant to chloramphenicol but not streptomycin, while those from zoospores and oospores of streptomycin-resistant mutants were resistant to streptomycin but not chloramphenicol. When chloramphenicolresistant A' (6133C') of P. parasitica was paired directly with streptomycin-resistant A2 (61 34s') of the same species, all single-oospore cultures from three crosses were resistant to either chloramphenicol or streptomycin but not both, suggesting absence of genetic exchange in the progeny. Appearance of A2 resistant to chloramphenicol and A' resistant to streptomycin was due to a mating-type change during oospore formation because oospores produced by A' through hormone stimulation also gave rise to A2 cultures, and vice versa. Similar results were obtained when reciprocal crosses involving the same direct and membrane-separated pairings between streptomycin-resistant A and chloramphenicol-resistant A2 were studied. When A* wild-type (61 33), sensitive to both chloramphenicol and streptomycin, was paired with A2 double mutant 6 1 34CrSr, resistant to chloramphenicol first and streptomycin later, all singleoospore cultures from three crosses were either sensitive to both chloramphenicol and streptomycin or resistant to both antibiotics, indicating that all single-oospore cultures from direct pairing were of uniparental origin. When A2 isolate 6134Sr, resistant to streptomycin, was paired directly with its A' variant 61 34VCr, resistant to chloramphenicol, all single-oospore cultures from three crosses were resistant to either chloramphenicol or streptomycin but not both, indicating an apparent absence of genetic exchange in the progeny. This ruled out the possibility that absence of genetic exchange in the crosses between two different isolates of P. parasitica might be due to genetic divergence between the strains crossed. We interpret the results of this study to show that all progenies from direct pairings between different mating types of P. parasitica were of uniparental origin, although close linkage or mitochondria1 location of the markers cannot as yet be eliminated as possible explanations of the apparent absence of genetic exchange. We propose the term 'hormonal heterothallism' to denote this suggested novel phenomenon.
INTRODUCTION
Heterothallic species of Phytophthora readily undergo sexual reproduction, resulting in the production of oospores, when the opposite mating types, known as A' and A2, of the same species or of different species are paired in cultures (Haasis & Nelson, 1963; Savage et al., 1968) . Using polycarbonate membranes to separate isolates of Phytophthora in the pairings, it was found that the opposite mating type is needed for production of a mating-type-specific hormone to initiate sexual reproduction ( KO, 1978 KO, , 1980 KO, , 1983 Yu et al., 1981) . However, this does not t Present address; Chia-yi Agricultural Experiment Station, Chia-yi, Taiwan.
0001-4225 0 1988 SGM exclude the possibility of hybridization in the direct matings. Genetic exchange in the crosses between different species of Phytophthora has been shown to be essentially non-existent (Boccas, 1981; Boccas & Zentmyer, 1976; Erselius & Shaw, 1982) . Although it has been generally accepted that progenies resulting from direct matings within the same species are always crossed (Gallegly & Galindo, 1958; Gallegly, 1968; Shaw, 1983; Shattock et al., 1986) , the demonstration of formation of uniparental oospores in compatible pairings of many species of Phytophthora (KO, 1988) demands a re-evaluation of previous hybridization studies. In this study we used streptomycin resistance and chloramphenicol resistance as genetic markers and compared their inheritance in progenies from direct mating with those from matings separated by a polycarbonate membrane to determine if genetic exchange occurs in the progenies from crosses between A' and A2 mating type of P. parasitica.
METHODS
Organisms. A' mating type (isolate 6133, ATCC 62653) and A2 mating type (isolate 6134, ATCC 62654) of P. parasitica, which were isolated, respectively, from a guava seedling and an eggplant fruit located less than 50 km apart in Taiwan, were each derived from a single zoospore.
Mutants resistant to streptomycin were obtained by placing two culture blocks (15 x 15 x 3 mm) on a Petri dish of 5 % (w/v) clarified V-8 agar containing 300 pg streptomycin sulphate ml-I. Campbell V-8 juice plus 0.2% CaCO, was clarified by centrifugation at 270g for 5 min before dilution with distilled water and addition of 2% (w/v) Bacto agar (Difco). Plates were incubated at 24 "C and observed every 3 d for at least one month. Mutants appearing as fast-growing sectors were transferred to V-8 agar containing 500 pg streptomycin sulphate ml-l. Those mutants which remained resistant were selected and maintained on V-8 agar without antibiotics. Mutants resistant to chloramphenicol were similarly selected by growing the fungi on V-8 agar containing 1OOpg chloramphenicol ml-l and transferring the fast-growing sectors to V-8 agar containing 300 pg chloramphenicol ml-I . Symbols used were Sr for streptomycin resistance, Cr for chloramphenicol and V for variant with changed mating type.
Isolation of single zoospores. Single-zoospore cultures were obtained using the method described by KO (1981) .
Three pieces of mycelial blocks (about 10 x 5 x 2 mm) of 3-d-old cultures grown on 5 % V-8 agar were transferred into 10 ml sterile distilled water in a small Petri dish (60 mm diameter) and were incubated at 24 "C under fluorescent light for 2 d to induce sporangial production. Zoospores, released from sporangia by chilling cultures at 5 "C for 15 min, were induced to encyst by agitating the zoospore suspension in a test tube for 1 min with a vortex mixer. Two drops of spore suspension containing 100 encysted zoospores were spread on 2% Bacto agar in a Petri dish. After incubation at 24 "C for 2 d, those colonies originating from single zoospores were transferred to V-8 agar.
Production of oospores. For this, 10% V-8 agar (10% V-8 juice, 0.02% CaC03 and 2% Bacto agar) was used. Direct pairing was done by placing the mycelial surface of a culture block (20 x 15 x 3 mm) of A' on the mycelial surface of an A2 culture block of the same size in the centre of a small Petri dish. These dishes were then sealed with two layers of Parafilm, kept in a moist chamber (40 x 25 x 12 cm) with 20 ml distilled water, and incubated at 24 "C for 14 d in darkness for oospore formation. Dishes were removed from the moist chamber and further incubated at 24°C for a total of 4 months under fluorescent light (20001~) for oospore maturation. The polycarbonate membrane method described by KO (1978) was used to obtain uniparental oospores. A culture block of a 6-d-old (0) A' or A2 type placed in the centre of a Petri dish and covered with a polycarbonate membrane (PC, 0-2 pm, 90 mm diameter; Nucleopore, Pleasanton, CA 94566, USA) was hormonally induced to form oospores by pairing on the opposite sides of the membrane with a 1-d-old (Y) culture block of A2 or A' type, respectively, to serve as the hormone producer. After incubation for 6 d at 24 "C in darkness in the moist chamber, the membrane and the hormone producer on top were removed, and the culture block containing oospores on the bottom was transferred to a small Petri dish which was then sealed with Parafilm. Oospores on culture blocks were further incubated for 8 d in darkness followed by incubation under light for a total of 4 months as described above.
Germination of oospores. Oospore suspension was obtained by grinding each culture block with 50 ml distilled water in an Omni mixer at 4500 r.p.m. for 1 min. The suspension was filtered successively through 53 pm and 20 pm sieves. Oospores retained on the 20 pm sieve were washed with 3000 ml tap water and resuspended in 10 ml sterile distilled water.
The method of Ann & KO (1988) was used to induce oospore germination. Oospore suspension was mixed with an equal volume of 0.5% KMnO, solution. After agitating the mixture for 20 min in a shaker, oospores were washed on the 20 pm sieve with 2000 ml tap water, followed by 1000 ml sterile distilled water. About 5-20 p1 oospore suspension containing about 50-100 viable oospores were plated on S + L medium consisting of basal salts, glucose, lecithin and 2% Bacto agar (Ruben et al., 1980) . The medium was supplemented with lOOpg ampicillin ml-l, 50 pg nystatin ml-l and 10 pg p-chloromercuribenzoate (PCMB) ml-1 to prevent growth of possible contaminants. Plates were incubated at 24 "C with light. Under such conditions, germination of oospores of P . purusitica commenced within 24 h and more than 90% of the oospores had germinated after 10d. Germinating oospores were individually transferred to V-8 agar using ten oospores per plate.
Determination of muting types. Mating type of each single-oospore culture was determined by pairing a small piece of culture block (about 2 x 2 x 2mm) with the same size of A' tester (P991) or A2 tester (P731) of P. purusitica (KO, 1981) on a piece of 10% V-8 agar block (about 10 x 10 x 2 mm) in Petri dishes (100 mm diameter). Ten cultures were placed in a Petri dish at equal distance along the edge. After incubation at 24 "C in darkness for 5-6 d, agar blocks were examined microscopically. Those isolates forming oospores when paired with the A* tester were designated as being A'. Similarly those forming oospores with A' tester were A2 and those forming oospores with both A' and A2 testers were A1A2.
Determination of antibiotic resistance. Streptomycin resistance of each single-zoospore or single-oospore culture was determined by placing pieces (2 x 2 x 2 mm) of agar culture on V-8 agar and V-8 agar amended with 500 pg streptomycin sulphate ml-l. Inoculated dishes (four cultures per dish) were incubated at 24 "C for 6 d. Those cultures which were sensitive to streptomycin grew slowly and sparingly and stopped growing within 3 d on antibiotic medium. They were not able to grow when subcultured on fresh antibiotic medium. Those cultures which were resistant to streptomycin grew normally and continuously during the incubation period. They continued to grow when subcultured on fresh antibiotic medium. Chloramphenicol resistance was similarly determined by comparing growth on V-8 agar and V-8 agar with 380 pg chloramphenicol ml-l.
R E S U L T S

Antibiotic response of cultures from zoospores and oospores produced by wild-types and mutants
All the single-spore cultures originating from zoospores and oospores of wild-types 6133 and 61 34 were sensitive to chloramphenicol and streptomycin (Table 1) . Cultures from zoospores and oospores of mutants 6133C' and 6134C' resistant to chloramphenicol were all resistant to chloramphenicol but not streptomycin, while those from zoospores and oospores of mutants 6133s' and 61343' resistant to streptomycin were resistant to streptomycin but not c hloramp henicol.
Characteristics of progenies from crosses between 61330, A l and 6134s', A2
When chloramphenicol-resistant A' (61 33C9 was paired directly with streptomycin-resistant A2 (6134Sr), all single-oospore cultures from three crosses were resistant to either chloramphenicol or streptomycin, but not both or neither (Table 2) . Oospores produced by chloramphenicol-resistant A' (6 1 33Cr) through hormonal stimulation gave rise to cultures which were resistant only to chloramphenicol, while those produced by streptomycin-resistant A2 (61343') through the same treatment gave rise to cultures which were resistant only to streptomycin.
Characteristics of progenies from crosses between 6133P, A' and 6134C, A2 Mutants resistant to different antibiotics but originating from the same wild-types were used in this test. All single-oospore cultures from three crosses were resistant to either chloramphenicol or streptomycin, but not both or neither (Table 3) . Oospores produced by streptomycin-resistant A (61 33s') through hormonal stimulation gave rise to cultures which were resistant only to streptomycin, while those produced by chloramphenicol-resistant A2 (6134C') through the same treatment gave rise to cultures which were resistant only to c hloramp henicol.
Formation of mutants resistant to both chloramphenicol and streptomycin
When culture blocks of 6133Cr and 6134Cr were incubated on V-8 agar containing 300 pg streptomycin sulphate ml-* , both isolates produced fast-growing sectors. Cultures transferred from the fast-growing sectors also grew on V-8 agar containing 500 pg streptomycin sulphate ml-l. 61 33s' and 61 34s' also became resistant to chloramphenicol when they were grown on V-8 agar containing 100 pg chloramphenicol ml-l followed by transfer of cultures from the fastgrowing sectors to V-8 agar containing 300 yg chloramphenicol ml-' . Characteristics of progenies from crosses between 6133, A' and 6134CSr, A2 In this test A' was a wild-type sensitive to both chloramphenicol and streptomycin and A* was a double mutant which was induced to become resistant to chloramphenicol initially and streptomycin subsequently. All single-oospore cultures from three crosses were either sensitive to both chloramphenicol and streptomycin or resistant to both antibiotics (Table 4) . None of them were resistant to chloramphenicol or streptomycin only. Oospores produced by the A' wild-type through hormonal stimulation gave rise to cultures which were sensitive to both antibiotics, while those produced by A2 double mutant through the same treatment gave rise to cultures which were resistant to both antibiotics.
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Characteristics ofprogenies from crosses between 6133CSr, A' and 6134, A 2
In this test A' was a double mutant which was induced to become resistant to chloramphenicol initially and streptomycin subsequently, and A2 was a wild-type. All singleoospore cultures from three crosses were either sensitive to both chloramphenicol and streptomycin or resistant to both antibiotics ( Table 5) . None of them were resistant to chloramphenicol or streptomycin only. Oospores produced by the A' double mutant through hormonal stimulation gave rise to cultures which were resistant to both antibiotics, while those produced by the A2 wild-type through the same treatment gave rise to cultures which were sensitive to both antibiotics.
Characteristics of progenies from crosses between 6134 V C , A' and 6134F, A 2
To determine if genetic exchange occurred in the crosses between a wild-type and its variant, an A' variant (6134V) with mating type changed from A2 (6134) by exposure to chloroneb (KO, 1981) was induced to become resistant to chloramphenicol. When A* isolate 6134Sr, resistant to streptomycin, was paired directly with its A' variant 61 34VCr, resistant to chloramphenicol, all single-oospore cultures from three crosses were resistant to either chloramphenicol or streptomycin, but not both or neither (Table 6) . Oospores produced by chloramphenicolresistant A' variant through hormonal stimulation gave rise to cultures which were resistant to chloramphenicol, while those produced by streptomycin-resistant A2 through the same treatment gave rise to cultures which were resistant to streptomycin.
DISCUSSION
In this study all the single-zoospore cultures obtained from mutants resistant to chloramphenicol were resistant to chloramphenicol and all those obtained from mutants resistant to streptomycin were resistant to streptomycin, consistent with (though not conclusively proving) the idea that resistance of P . parasitica to these two antibiotics is controlled by nuclear genes rather than extranuclear genes. Cultures originating from oospores produced by wild-types through hormonal stimulation were sensitive to both chloramphenicol and streptomycin, while those originating from oospores similarly produced by antibioticresistant mutants exhibited resistance to the same antibiotics as their parents. These results suggest that resistance and sensitivity of P . parasitica to chloramphenicol and streptomycin are controlled by homozygous genes. If self fertilization is the only means of oospore formation in the pairing between these two isolates, one would expect to find all the offspring resistant to either chloramphenicol or streptomycin. However, if oospores are the result of crossfertilization, one would expect to find all the offspring to be resistant to both antibiotics if antibiotic resistances are controlled by dominant genes or to be sensitive to both antibiotics if they are controlled by recessive genes. When chloramphenicol-resistant A1 of P . parasitica was paired directly with streptomycinresistant A2 of the same species, all single-oospore cultures from the crosses were resistant to either chloramphenicol or streptomycin but not both, suggesting the absence of genetic exchange in the progeny. The appearance of A2 resistant to chloramphenicol and Al resistant to streptomycin is apparently due to mating-type segregation during oospore formation because oospores produced by A1 through hormonal stimulation gave rise to A2 cultures, in addition to A' cultures and vice versa. Presence of self-fertile (A1A2) cultures in the progeny of direct mating is not an indication of hybridization, since hormonally induced oospores produced by the A' also gave rise to A1A2 cultures. These cultures may represent a transitional state in the process of mating-type change as suggested by KO (1981) . These results were confirmed by the experiment of reciprocal crosses involving the same direct and membrane-separated pairings between streptomycin-resistant A' and chloramphenicol-resistant A2 isolates.
It was considered possible that hybridization might have occurred in these crosses but that, for unknown reasons, the fungus could not express resistance to both antibiotics at the same time. This was not found to be the case. Mutants resistant to both chloramphenicol and streptomycin were obtained when streptomycin-resistant isolates were grown on V-8 agar containing chloramphenicol and vice versa.
Hormonally induced oospores produced by the A1 wild-type sensitive to both chloramphenicol and streptomycin gave rise to A', A2 and A1A2, all of which were sensitive to both antibiotics. Those produced by the A2 double mutant resistant to chloramphenicol first and streptomycin later gave rise to A', A2 and A1A2, all of which were resistant to both antibiotics. The phenotypes observed in the progeny from direct pairings were A', A2 and A1A2 sensitive to both chloramphenicol and streptomycin, and A' and A* resistant to both antibiotics. All of these could be found in the progenies obtained by hormonal stimulation of single parents, indicating that all single-oospore cultures from direct pairings were of uniparental origin. Similar results were obtained when reciprocal crosses were done involving identical direct and membrane-separated pairings between A double mutant resistant to chloramphenicol first and streptomycin later and A * wild-type.
It was also considered possible that the absence of genetic exchange in the crosses between two different isolates of P . parasitica used in this study might be due to genetic divergence between the strains crossed. This possibility was ruled out because all single-oospore cultures from direct pairings between A2 wild-type and its A1 variant with different antibiotic-resistance genetic markers were also of uniparental origin. The possibility that the lack of recombination between chloramphenicol-and streptomycin-resistance markers is due to either close linkage or (especially plausible with the markers concerned) mitochondria1 inheritance remains to be tested.
We favour the interpretation of the results of this study that all progenies from direct pairings between different mating types of P . parasitica were of uniparental origin. We propose the term 'hormonal heterothallism' for this suggested phenomenon.
Appearance of isozyme banding patterns different from those of parents was used by Shattock et al. (1986) as evidence that most oospores from direct mating between A' and A2 mating types of P . infestans originated from hybridization. Our results (unpublished data) showed that a great number of progenies produced by single isolates of P . parasitica through hormonal stimulation also displayed amylase activity different from their parents just like those produced by direct mating of the same isolates. Therefore, accurate interpretation of data obtained by Shattock et al. (1986) requires the comparison of isozyme banding patterns of cultures from oospores obtained by direct mating with those produced by single parents through hormonal stimulation. 
